ERK1/2 is a major player in various cell signaling pathways, including proliferation, differentiation, senescence, cell injury and recovery, and apoptosis. ERK1/2 becomes activated through a variety of extracellular stimuli, including receptor tyrosine kinases (RTK) such as the epidermal growth factor receptor (EGFR), 3 which leads to the activation of mitogenactivated protein kinase kinase (MEK) (1, 2) . EGFR agonists activate intrinsic tyrosine kinase activity within the cytoplasmic domain of the receptor, initiating the recruitment of Ras, a GTPase, which allows for interaction with downstream effectors, including the Raf protein kinases. Raf phosphorylates MEK1/2, which phosphorylates ERK1/2. ERK1/2 is thought to be the only substrate for MEK1/2 phosphorylation, which has allowed for MEK1/2 inhibitors to be used specifically for ERK1/2 inactivation (3, 4) . ERK1/2 is also activated by cell stressors, including reactive oxygen species. In a study utilizing H 2 O 2 injury in human renal cells, ERK1/2 inhibition was shown to decrease necrosis and apoptosis (5) , whereas in a cisplatin-induced cell injury model, ERK1/2 inhibition reduced caspase 3 activation and apoptosis (6) . In renal proximal tubular cells (RPTC), phosphorylated ERK1/2 was shown to reduce mitochondrial respiration and ATP production by decreasing complex I electron transport chain activity in response to tert-butyl hydroperoxide (TBHP), a model oxidant (7) . Nowak et al. (7) also showed that expression of a constitutively active MEK1 increased ERK1/2 activation and decreased basal and uncoupled oxygen consumption, a measure of electron transport chain activity. Zhuang et al. (8) demonstrated that H 2 O 2 treatment of RPTC led to a high level of ERK1/2 phosphorylation and loss of mitochondrial membrane potential, which was attenuated by treating with a MEK/ ERK1/2 inhibitor. Finally, Fe 2ϩ -induced mitochondrial swelling was shown to occur through activation of the ERK1/2 pathway (8) . These findings illustrate that ERK1/2 decreases mitochondrial function in response to injury.
The kidney is a high energy-consuming organ, and its cells have an abundance of mitochondria to meet ATP demand, especially within the proximal tubules (9) . Previous studies demonstrated that rapid and persistent disruption of mitochondria homeostasis is an important contributor to the pathology of renal ischemia/reperfusion (IR) injury (10, 11) .
Peroxisome proliferator-activated receptor ␥ coactivator-1␣ (PGC-1␣) is thought to be the master regulator of mitochondria biogenesis (MB) and is enriched in tissues with high metabolic demand, such as the heart, skeletal muscle, and kidney (12, 13) . The role of ERK1/2 activation and subsequent regulation of PGC-1␣ and downstream targets involved in mitochondrial homeostasis and dysfunction remains limited.
Physiological and pathological stimuli, such as exercise, caloric restriction, hypoxia, sepsis, and IR, are known to alter PGC-1␣ expression (9, 14) . IR-induced renal injury rapidly suppresses MB, PGC-1␣, and its direct downstream targets at the transcriptional and protein level (10, 11, 13) . However, the mechanism(s) by which PGC-1␣ is transcriptionally suppressed after injury has not been determined. Therefore, we examined the role of ERK1/2 in renal PGC-1␣ transcription under physiological and pathophysiological conditions in primary cultures of RPTC and in the renal cortex of mice. We determined that ERK1/2 regulates PGC-1␣ in RPTC and in the renal cortex of mice at a physiological level through phosphorylation of the transcription factors forkhead box O3/1 (FOXO3a/1). EGFR was found to be the upstream activator of ERK1/2 under basal conditions, negatively regulating PGC-1␣ transcription. Finally, under the pathophysiological condition of IR-induced AKI in mice, ERK1/2 activation was responsible for the initial decrease in PGC-1␣ mRNA expression and the decrease in kidney function as measured by serum creatinine. By inhibiting ERK1/2 activation, we attenuated the early decrease in PGC-1␣ and prevented the decrease in kidney function. This research is significant because PGC-1␣ is the key regulator for MB, and by sustaining mitochondrial homeostasis, ERK1/2 inhibition may be a potential therapeutic to prevent further injury and/or increase recovery where early mitochondrial dysfunction is observed.
Results

ERK1/2 Inhibition Increases Levels of PGC-1␣ and Downstream Targets of MB mRNA in RPTC-
To test the hypothesis that ERK1/2 regulates PGC-1␣ and MB at a physiological level, we utilized the pharmacological MEK1/2 inhibitor trametinib and primary cultures of rabbit RPTC. Trametinib has been well characterized as a potent and specific inhibitor of MEK1/2 with an IC 50 of 0.92-3.4 nM in various cell lines and shows limited inhibitory activity against at least 98 other kinases (15, 16) . RPTC were treated with 0.3, 1, or 10 nM trametinib, and at 10 nM trametinib, ERK1/2 phosphorylation was completely inhibited after 4 h (Fig. 1A) . Trametinib (10 nM) completely inhibited ERK1/2 phosphorylation within 10 min and continued to inhibit it for 24 h (data not shown) without altering total ERK1/2 (Fig. 1A) . PGC-1␣ mRNA expression increased 1.8-fold at 1 h and 2.8-fold at 4 h before decreasing to control levels at 24 h after trametinib exposure (Fig. 1B) . The increase in PGC-1␣ mRNA was linked to increased nuclear encoded mediators of MB and gene targets of PGC-1␣, including mitochondrial transcription factor A (TFAM), nuclear respiratory factor-1 (NRF1), and NADH dehydrogenase (ubiquinone) Fe-S protein 1 (NDUFS1) at 1, 4 and 24 h after trametinib treatment (Fig. 1, C-E) . These results reveal that ERK1/2 represses PGC-1␣ mRNA expression and its downstream target genes under physiological conditions and that inhibition of ERK1/2 activation results in a rapid induction of PGC-1␣ mRNA and other downstream MB genes.
ERK1/2 Regulates PGC-1␣ through Phosphorylation of FOXO3a Independent of p38 and AKT Kinases in RPTC-We analyzed the phosphorylation levels of FOXO3a in RPTC 30 min after trametinib treatment because FOXO3a is a direct transcriptional regulator of PGC-1␣ (17) (18) (19) . Phosphorylation of the ERK1/2 phosphorylation site, serine 294, on FOXO3a decreased 54% at 30 min in RPTC treated with trametinib (Fig. 2, A and B) .
Other kinases, such as p38 and AKT, are known to target FOXO3a for phosphorylation (20, 21) ; however, p38 and AKT phosphorylation did not change in the presence of trametinib (Fig. 2C) .
To exert its transcriptional effects, FOXO3a shuttles between the cytosol and the nucleus (22) . Phosphorylation of FOXO3a inactivates the protein by preventing it from entering the nucleus and increases the rate of export from the nucleus to the cytosol, where it may be degraded (23) . Therefore, phosphorylation of FOXO3a decreases its ability to bind to promoters and increase gene expression (20, 23, 24) . Nuclear phosphorylated FOXO3a decreased 60% in the trametinib-treated RPTC at 30 min with no alteration in total FOXO3a nor the loading control, lamin B1 (Fig. 2, D (1, 25, 26) . To determine whether ERK1/2 inhibition of PGC-1␣ mRNA was mediated by the EGFR in RPTC, we utilized the EGFR inhibitor erlotinib, a direct inhibitor of the intracellular kinase domain of the EGFR that prevents autophosphorylation and signal transduction (26) . Within 1 h of erlotinib treatment (100 nM and 1 M), ERK1/2 phosphorylation was blocked without a change in total ERK1/2 protein and remained decreased 4 h after treatment (Fig. 3A) . PGC-1␣ mRNA expression was increased at 4 h by 2.4-and 2.8-fold in the 100 nM and 1 M erlotinib groups, respectively (Fig. 3B ). NRF1 was also up 2.4-fold by 4 h after EGFR inhibition (Fig. 3C) . We conclude that EGFR inhibition with erlotinib leads to an up-regulation of PGC-1␣ mRNA through inactivation of ERK1/2. It should be noted that the 4-h increases in PGC-1␣ mRNA expression are very similar to the increases observed using trametinib (Fig. 1B) . In summary, under physiological conditions, the activation of the EGFR/ERK1/2/ FOXO3a pathway regulates PGC-1␣ and MB genes within 1 h.
ERK1/2 Physiologically Regulates PGC-1␣ Expression and Protein by Altering FOXO1 Phosphorylation in the Mouse
Kidney-Our laboratory and others have previously reported that a 1 mg/kg dose of trametinib inhibits ERK1/2 phosphory- lation in mice (16, 27) . We verified that trametinib (1 mg/kg, i.p.) inhibited ERK1/2 phosphorylation at 4 h after injection in the renal cortex with no change to total ERK1/2 protein (Fig.  4A ). PGC-1␣ mRNA expression in the renal cortex increased 1.5-fold 4 h after ERK1/2 inhibition, corresponding with the observations made in vitro (Fig. 2C) . Likewise, targets of PGC-1␣ were also up-regulated at 4 h with NRF1 mRNA elevated by 1.8-fold and TFAM mRNA elevated by 1.2-fold (Fig.  2C ). Cytochrome c oxidase I (COX1) mRNA, a mitochondrial encoded gene, one of the subunits of respiratory complex IV, was also up-regulated 1.4-fold following ERK1/2 inhibition with trametinib (Fig. 2C) . The increase in MB gene expression due to ERK1/2 inhibition resulted in increases in PGC-1␣ and TFAM proteins of 1.6-and 1.3-fold, respectively, at 4 h in the trametinib group (Fig. 4 
, B, D, and E).
After failing to detect FOXO3a in the mouse renal cortex (data not shown), we examined FOXO1. FOXO3a and FOXO1 are similar transcription factors and share overlapping activities, including regulating PGC-1␣ (20) . FOXO1 phosphorylation at the phosphorylation site, serine 329, was decreased in the trametinib group (28, 29) (Fig. 5, A and B) . Total FOXO1 protein did not change in response to ERK1/2 inhibition (Fig.  5A) . Neither AKT and p38 phosphorylation nor total AKT and p38 proteins changed in the trametinib group (Fig. 5C ). Trametinib treatment decreased nuclear phosphorylated FOXO1 to total FOXO1 32%, 4 h after trametinib (Fig. 5, D and E) . FOXO1 mRNA was also up-regulated at 4 h after ERK1/2 inhibition (Fig. 5F ). Further evidence that ERK1/2 inhibition results in increased FOXO1 gene transcription was revealed by increases in catalase and mitochondrial superoxide dismutase 2 (SOD2), two genes regulated by FOXO1 (Fig. 5F) (30, 31) . We conclude that ERK1/2 regulates the activity of FOXO1 within the nucleus and controls the basal level of PGC-1␣ mRNA and subsequent PGC-1␣ protein levels, as well as downstream MB genes in the kidney.
ERK1/2 Inhibition during AKI Attenuates an Increase in Serum Creatinine and Decreases in PGC-1␣ and NRF1
Expression-To examine the role of ERK1/2 on PGC-1␣ in the renal cortex under injurious conditions, we pretreated mice with trametinib or vehicle for 1 h and then subjected mice to bilateral IR surgery or sham surgery for 18 min to induce AKI; kidneys were collected 3 h later. IR-induced AKI decreases PGC-1␣ mRNA expression, as well as other mitochondrial genes and proteins (32) . Trametinib prevented the increase in ERK1/2 phosphorylation following the IR (Fig. 6A) . PGC-1␣ mRNA decreased 41% in IR mice after 3 h, and trametinib attenuated this decrease (Fig. 6B) . Interestingly, trametinib pretreatment increased NRF1 expression following IR when compared with sham, whereas IR alone resulted in 13% decrease in NRF1 when compared with sham (Fig. 6B) . At the protein level, both PGC-1␣ and TFAM proteins increased 1.7-and 2.4-fold, respectively (Fig. 6, C and D) .
Serum creatinine, a marker of renal dysfunction, increased 4-fold in the IR group at 3 h and was attenuated in the trametinib pretreatment group (Fig. 6E) . We demonstrate that by inhibiting ERK1/2 phosphorylation prior to inducing IR AKI, we attenuated the decreases in PGC-1␣ and NRF1 mRNA, as well as increasing mitochondrial related proteins PGC-1␣ and TFAM 3 h after surgery. By maintaining mitochondrial function due to ERK1/2 inhibition, kidney dysfunction was prevented at 3 h.
Erlotinib Blocks ERK1/2 Phosphorylation in Naive Mice and following IR, Preventing Decreases in PGC-1␣ and NRF1
Expression-To elucidate the role of EGFR on ERK1/2 and PGC-1␣ and MB genes in the renal cortex, erlotinib (50 mg/kg i.p.) was administered to naive mice (33) . Erlotinib decreased 
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ERK1/2 phosphorylation by 45% in the kidney cortex 4 h after administration (Fig. 7, A and B) . Mice given erlotinib had 1.3-fold higher PGC-1␣ mRNA and 1.4-fold higher FOXO1 mRNA expression (Fig. 7C) . To elucidate whether the EGFR is the upstream receptor required for the ERK1/2 activation that down-regulates PGC-1␣ following IR AKI, we pretreated with erlotinib prior to inducing IR AKI. We observed attenuation in the increase of phosphorylated ERK1/2 at 3 h when compared with IR alone (Fig. 7, D and E) . The results were very similar to those obtained in the trametinib experiments (Fig. 6 , B and C); we observed attenuation of PGC-1␣ and NRF1 mRNA when compared with the IR group, as well as an increase in PGC-1␣ protein (Fig. 7, F and G) . The erlotinib group also prevented the 5-fold increase in serum creatinine seen in the IR group (Fig. 7H ). These data reveal that EGFR actively regulates ERK1/2 phosphorylation in the kidney, and as a consequence, EGFR regulates renal PGC-1␣ mRNA at a physiological and pathophysiological level. In summary, EGFR is the upstream receptor regulator of basal ERK1/2 phosphorylation in the renal cortex that controls PGC-1␣ mRNA and MB genes.
Discussion
In this study, we identified ERK1/2 as an important and rapid regulator of PGC-1␣ gene transcription in RPTC and in mouse kidney under physiological and pathological conditions. In RPTC, we showed that trametinib inhibits ERK1/2 phosphorylation within 10 min, leading to an increase in PGC-1␣ mRNA expression that was sufficient to up-regulate mitochondrial genes involved in MB. In addition, we determined that EGFR was the upstream activator of ERK1/2 in both RPTC and renal cortex. Thus, the EGFR/ERK1/2/FOXO(3a/1) pathway is an important negative regulator of PGC-1␣ and its downstream targets, including MB genes.
Previous studies revealed that ERK1/2 down-regulates mitochondrial function by decreasing basal and uncoupled oxygen consumption following TBHP exposure in RPTC (7). Furthermore, ATP production was reduced 40% in RPTC due to ERK1/2 activation by TBHP, and by inhibiting ERK1/2, ATP remained at control levels. In contrast, ERK1/2 inhibition was found to decrease ATP production and cause a rapid loss of mitochondrial membrane potential in alveolar macrophages FIGURE 5 . FOXO1 phosphorylation in the cortex and nuclear phosphorylation decrease after ERK1/2 inhibition. A, representative immunoblot of phosphorylated FOXO1 and ERK1/2, AKT, and p38 kinases following trametinib administration. p, phosphorylated; MW, molecular weight. B, densitometry analysis of phosphorylated FOXO1 when compared with total FOXO1. C, densitometry analysis of phosphorylated AKT to total AKT, and phosphorylated p38 to total p38 after trametinib treatment. D, representative immunoblot of nuclear phosphorylated FOXO1 and ERK1/2 after trametinib treatment in mouse kidney cortex. E, densitometry analysis of phosphorylated FOXO1 when compared with total FOXO1 after inhibition of ERK1/2 in the nucleus. F, mRNA expression of FOXO1, SOD2, and catalase at 4 h following trametinib administration. Data are represented as mean Ϯ S.E., n Ն 4. Different superscripts indicate statistically significant differences (p Ͻ 0.05).
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(34), but not in primary cultures of tracheobronchial epithelial cells or lung fibroblasts. A decrease in oxygen consumption through inhibition of complex I in HL-60 cells was found to occur by ERK1/2 inhibition (35). Overall, ERK1/2 decreases mitochondrial function by three mechanisms: 1) post-translational modifications that decrease electron transport chain activity, 2) down-regulation of PGC-1␣ and mitochondrial gene expression, and 3) decreased expression of mitochondrial protectants (i.e. SOD2). However, ERK1/2 appears to regulate mitochondrial functions differently in various cell types, and the differences may be based on the level of oxidative phosphorylation that occurs in each cell type. RPTC used by Nowak et al. (7) and in our studies derive all their energy from oxidative phosphorylation, similar to that found in kidney cortex.
In RPTC, FOXO3a phosphorylation was decreased 30 min after trametinib treatment. These results are consistent with previous studies that show ERK1/2 regulates phosphorylation of FOXO3a (23, 36) . Phosphorylation is a key determinant of FOXO3a localization and its regulation of PGC-1␣ (37-39). Yang et al. (23) showed that ERK1/2 phosphorylation of FOXO3a promotes a FOXO3a degradation pathway mediated by the E3 ubiquitin ligase MDM2. We show that ERK1/2 inhibition decreased phosphorylated FOXO3a in the nucleus, allowing greater FOXO3a and PGC-1␣ expression physiologically. This FOXO3a-dependent increase in PGC-1␣ was also shown during endothelial oxidative stress (19) .
It is not clear the exact pathways that regulate ERK1/2 during basal conditions in RPTC. In experiments using the specific EGFR inhibitor erlotinib, ERK1/2 phosphorylation was blocked and PGC-1␣ mRNA was increased. Thus, EGFR appears to be a key regulator of ERK1/2, which in turn regulates the basal level of PGC-1␣ mRNA and its downstream mitochondrial genes. Nevertheless, it remains to be determined what is activating the EGFR under these conditions. Possible candidates 
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Inhibiting ERK1/2 increased PGC-1␣ mRNA, as well as TFAM, NRF1, and COX1. The increase in COX1 demonstrates that ERK1/2 is increasing not only nuclear encoded gene expression, but also mitochondrial encoded gene expression. This response is similar to findings in melanoma cell lines after treatment with various ERK cascade inhibitors in which an increase in PGC-1␣ gene expression was observed (41) .
Because FOXO3a was not expressed in naive mouse renal cortex, we shifted our focus to FOXO1. FOXO3a and FOXO1 share similar DNA-binding domains, have overlapping gene expressions (42) , and are both directly phosphorylated by ERK1/2 (43) . Phosphorylation of FOXO1 decreased in the nucleus due to ERK1/2 inhibition, which resulted in an increase in downstream targets of FOXO1 (e.g. catalase and SOD2) and PGC-1␣ in the kidney cortex.
During IR-induced AKI in mice, ERK1/2 is highly phosphorylated with accompanying decreases in PGC-1␣ and NRF1, as well as a decline in kidney function at 3 h after IR surgery. Inhibiting phosphorylated ERK1/2 pre-surgery attenuated the PGC-1␣ and NRF1 mRNA decreases and prevented an increase in serum creatinine. We have previously shown that PGC-1␣ is rapidly decreased following diverse models of AKI in mice and rats, and these results implicate ERK1/2 as the mediator behind this transcriptional suppression (10, 11, 32) .
In conclusion, we determined the role of ERK1/2 in the physiological and pathological regulation of renal PGC-1␣ and MB. We linked EGFR activation and FOXO3a/1 inactivation to the down-regulation of PGC-1␣ and MB, through ERK1/2 signaling. PGC-1␣ physiological regulation appears to be structured so that changes can occur very rapidly when necessary. Finally, ERK1/2 inhibition may have potential in preventing mitochondrial dysfunction as a therapeutic strategy in organ dysfunction. Because mitochondrial injury/recovery and biogenesis can occur throughout different tissues of the body due to various injury insults, we think this therapeutic potential of inhibiting early activation of ERK1/2 to prevent down-regulation of MB may be applicable to other organs. Further studies will be required to investigate this therapeutic potential. 
Experimental Procedures
In Vitro Studies-Female New Zealand White rabbits (2 kg) were purchased from Charles River (Oakwood, MI). RPTC were isolated using the iron oxide perfusion method and grown in 35-mm tissue culture dishes under improved conditions similar to what is observed in vivo, as described previously (44) . The culture medium was a 1:1 mixture of Dulbecco's modified Eagle's medium/F-12 (without glucose, phenol red, or sodium pyruvate) supplemented with 15 mM HEPES buffer, 2.5 mM L-glutamine, 1 M pyridoxine HCl, 15 mM sodium bicarbonate, and 6 mM lactate. Hydrocortisone (50 nM), selenium (5 ng/ml), human transferrin (5 g/ml), bovine insulin (10 nM), and Lascorbic acid-2-phosphate (50 M) were added to fresh culture medium. Confluent RPTC were used for all experiments. RPTC monolayers were treated with various compounds or vehicle (DMSO) for the time points indicated.
In Vivo Studies-Trametinib (GSK1120212, (15)) was purchased from Selleck Chemicals (Houston, TX). 8-to-9-weekold male C57BL/6 mice (20 -25 g) mice received an injection of trametinib (1 mg/kg i.p.) or vehicle control (DMSO). 4 h after injection, kidneys were collected and flash-frozen for further analysis.
Mice were assigned to three groups: 1) sham, 2) I/R ϩ vehicle, and 3) I/R ϩ trametinib. Vehicle or trametinib was administered i.p. 1 h before surgery. I/R mice were subjected to I/R surgery by bilateral renal pedicle clamping for 18 min as described previously (32) . Briefly, the renal artery and vein were isolated and blood flow was occluded with a vascular clamp for 18 min while maintaining a constant body temperature of 36 -37°C. Sham mice were treated exactly the same as I/R mice without the clamping of the renal pedicles. Mice were euthanized at 3 h after surgery, and blood and kidneys (flash-frozen in liquid nitrogen) were collected for analysis.
Quantitative Reverse Transcription PCR Analysis of mRNA Expression-Total RNA was isolated from renal cortical tissue with TRIzol reagent (Life Technologies). The iScript Advanced cDNA Synthesis Kit (Bio-Rad) was used according to the manufacturer's protocol. The generated cDNA was used with the SsoAdvanced Universal SYBR Green Supermix reagent (BioRad). The relative mRNA expression of all genes was determined by the 2Ϫ⌬⌬Ct method, and mouse actin RNA and rabbit tubulin RNA were used as reference genes for normalization (see Tables 1 and 2 for primer pairs).
Immunoblotting Analysis-Protein was extracted from renal cortex using radioimmunoprecipitation assay buffer (50 mM Tris-HCl, 150 mM NaCl, 0.1% SDS, 0.5% sodium deoxycholate, 1% Triton X-100, pH 7.4) with protease inhibitor cocktail (1:100), 1 mM sodium fluoride, and 1 mM sodium orthovanadate (Sigma-Aldrich). Mouse tissue and rabbit primary cells nuclear and cytosolic fraction lysates were prepared as described previously with modifications (11) . Briefly, a piece of kidney cortex was homogenized in sucrose isolation buffer (250 mM sucrose, 1 mM EGTA, 10 mM HEPES, 1 mg/ml fatty acid-free BSA (pH 7.4)) with a Dounce tissue grinder. Lysates were centrifuged at 1000 ϫ g for 10 min. The first pellet was rewashed two separate times in isolation buffer and resuspended in radioimmunoprecipitation assay. The first supernatant was centrifuged at 10,000 ϫ g for 5 min for further purification of the cytosol fraction. Histone H3 and/or lamin B1 were used as loading control for nuclear lysate immunoblots, and ␣-tubulin was used for loading control of cytosolic lysates.
Equal protein quantities (20 -60 g) were loaded onto 4 -15% SDS-PAGE gels, resolved by gel electrophoresis, and transferred onto nitrocellulose or PVDF membranes (Bio-Rad). Membranes were blocked in 5% bovine serum albumin or 5% milk in Tris buffered saline solution with Tween (TBST) and incubated overnight with primary antibody at 4°C with gentle agitation. Primary antibodies used in these studies included phospho-ERK1/2 (1:1000) (#4370), total ERK1/2 (1:1000) (#4695), AKT (1:1000) (#9272), phospho-AKT (1:1000) (#4060), phospho-p38 (1:1000) (#4511), p38 MAPK (1:1000) (#8690), EGF receptor (1:1000) (#4267), phospho-EGFR Tyr-1173 (1:750) (#4407s), phospho-EGFR Tyr-1068 (1:1000) (#3777s), total FOXO3a (1:1000), phospho-Ser-294-FOXO3a (1:1000) (#5538), total FOXO1 (1:1000) (#2880), and histone H3 (1:2000) (#9715), all from Cell Signaling Technology, Danvers, MA; phospho-Ser-329-FOXO1 (1:1000) (ab192201), TFAM (1:1000) (ab131607), lamin B1 (1:1000) (ab16048), and PGC-1␣ (1:1000) (ab54481), all from Abcam; kidney injury molecule-1 (KIM-1) (1:1000; AF1817), from R&D Systems, Minneapolis, MN; and ␤-actin (1:2000) (sc-47778), from Santa Cruz Biotechnology, Dallas, TX. Membranes were incubated with the appropriate horseradish peroxidase-conjugated secondary antibody before visualization using enhanced chemiluminescence (Thermo Scientific) and the GE ImageQuant LAS4000 (GE Life Sciences). Optical density was determined using the ImageJ software from the National Institutes of Health.
Statistical Analysis-All data are shown as mean Ϯ S.E. When comparing two experimental groups, an unpaired, twotailed t test or Mann-Whitney U was used to determine statistical differences. A one-way analysis of variance followed by Tukey's post hoc test was performed for comparisons of multiple groups. p Ͻ 0.05 was considered statistically significant. All statistical tests were performed using the GraphPad Prism software (GraphPad Software, San Diego, CA).
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